Abstract -Objectives: To investigate the changes in caries experience and prevalence among schoolchildren of the canton of Basel-Landschaft, Switzerland, over the course of 20 years. Methods: A random sample of either schoolchildren aged 7, 12, and 15 years (in 1992) or aged 12 and 15 years (in 1997) or their respective school classes (2001, 2006 and 2011) was selected so that approximately 10% of schoolchildren could be examined. The children's dmft and DMFT scores were determined according to the WHO methodology and analyzed using cluster-adjusted ordinary multiple linear regression modeling. Results: For all age groups, the respective dmft/DMFT values decreased steadily from 1992 to 2006 but increased again in 2011. However, the observed differences were not statistically significant over the examination years from 2001 to 2011. Schoolchildren with a migrant background had approximately two-to threefold higher dmft/DMFT values. Conclusions: In the years from 1992 to 2001, a steady decline in caries was observed in all age groups of schoolchildren examined in the canton of Basel-Landschaft. However, in the subsequent 10 years, this decline has leveled off. The mean dmft/DMFT values are comparable to those in other parts of Switzerland. Migrants are a caries-risk group; the mean dmft/DMFT values were higher in schoolchildren with a migrant background than in the comparable Swiss children.
In the majority of the industrialized countries, a substantial overall decline in dental caries has been reported for children as well as for adults in recent decades 1, 2 . However, this reduction in caries experience appears to be mostly based on declining rates in countries with a higher economic and social development, where various public health measures, for example the use of fluoridated dentifrices and toothpaste or community water and salt fluoridation, have been implemented to combat dental caries 1 . There are contradictory reports about the dental caries rates in developing countries 1, 3, 4 .
In Switzerland, caries prevention programs started in the 1960s. Since then, a reduction in caries has been documented for all age groups [5] [6] [7] [8] [9] [10] [11] [12] .
Many epidemiological studies have been carried out in schoolchildren as most children attend public schools in Switzerland and, therefore, are easily accessible resulting in high participation rates (>70%) 12 .
However, in recent years, this decline has leveled off and renewed increases in the prevalence of caries has been reported worldwide, in children as well as in adults 13 . In 4-year-old Swedish children, for example, the number of children with caries doi: 10.1111/cdoe.12206 declined for 20 years but leveled off after 1987 14 .
The oral health status of most Americans has improved between 1988-1994 and 1999-2004 ; however, this has not been the case for children aged 2-5 years, where the prevalence of dental caries in the primary dentition has increased 15 . Similarly, an increase in caries in the primary dentition has been observed in Switzerland in the 1990s, which was thought to result mainly from the increasing proportion of schoolchildren with a migrant background 7, 8, [16] [17] [18] .
Based on cantonal law, surveys on the dental health of schoolchildren have been performed in the canton of Basel-Landschaft, a region in Switzerland, every 5 years since 1992. The results of these dental examinations can reveal whether changes in oral health and dental caries occur over time. They should also provide the responsible authorities an overview of dental caries experience in schoolchildren and allow them to document the effectiveness of the prevention programs and evaluate the impact of interventions. This study presents the changes in caries in schoolchildren of the canton of Basel-Landschaft, Switzerland, over the course of 20 years.
Materials and methods

Sampling of schoolchildren
A simple random sampling of all the schoolchildren from the canton of Basel-Landschaft, Switzerland, was performed for the first two examinations. In 1992, the 7-, 12-, and 15-year-old schoolchildren were surveyed, and in 1997, the 12-and 15-year-old schoolchildren were surveyed. As this procedure was not possible in the subsequent years due to data protection rights, a random sampling of the school classes (first, sixth, and ninth grades) was performed (cluster sampling) in the years 2001, 2006, and 2011. The age classes were defined as follows: 7-year-olds (range 6-8 years, first grade), 12-year-olds (range 11-13 years, sixth grade), and 15-year-olds (range 14-16 years, ninth grade).
Prior to the dental examination, the parents of the selected schoolchildren received information about the purpose and procedures of the examinations as well as a questionnaire to collect information on the date of birth, nationality, oral hygiene habits, and attitude toward dental prophylaxis. Because of legal regulations, participation was mandatory.
Dental examination
The dental examinations in the years 1992 and 1997 were performed by the Clinic for Preventive Dentistry, Periodontology and Cariology, Center for Dental Medicine, University of Zurich, Switzerland. In the subsequent years, the examinations were conducted by the Department for Preventive Dentistry and Oral Microbiology, School of Dentistry, University of Basel, Switzerland. In 1997, the first-grade schoolchildren could not be examined for scheduling reasons.
Dental examinations were generally conducted between February and July by two to four teams consisting of one dentist and one dental assistant each. Prior to the dental examination, specially trained oral health instructors talked to the schoolchildren about oral hygiene and the relation between dietary habits and oral health. Then, the schoolchildren brushed their teeth under the supervision of the instructors.
The dental examinations were performed in accordance with the methodology of the World Health Organization (WHO) 19, 20 . All examinations were performed in schoolrooms under artificial light (halogen or high-performance LED headlamps). The teeth were dried with cotton pellets. To confirm the visual diagnosis of caries, a sickle probe (Maillefer Nr. 6, Maillefer, Ballaigues, Switzerland) was used in 1992 and 1997 and a CPI probe (CP-11,5B Parodontometer, Hu Friedy, Rotterdam, the Netherland) was used in the later years. No bitewings or other X-ray examinations were made. To characterize the caries experience, the coding of the WHO was used, and the bases for the DMFT and dmft calculations were 28 and 20 teeth, respectively 19, 20 .
Reliability
The examiners from the Clinic for Preventive Dentistry, Periodontology and Cariology in Zurich, who performed the clinical measurements in 1992 and 1997, had been calibrated multiple times because they performed analogous epidemiological studies on a routine basis 9 .
In 2001, the examiners from the Department for Preventive Dentistry and Oral Microbiology in Basel were calibrated against the head of the previous examinations analyzing children from two school classes (7-and 12-year-olds). The intraclass correlation coefficients 21 were 0.97 for the dmft and 0.90 for the DMFT. 
Statistical analysis
Data were collected using laptops. In 1992, 1997, and 2001, the data were analyzed using the HyperCard-based computer program WHO-Epident, a data entry and analysis program that was specifically developed at the Station for Oral Prevention (University of Zurich, Switzerland). In 2006 and 2011, a Microsoft Access-based data entry program developed at the University of Basel was used. The DMFT and dmft values were calculated according to the WHO methodology 19, 20 . For 12-and 15-year-old schoolchildren, only the caries experience in the permanent dentition (DMFT) was calculated. The Significant Caries Index (SiC, average dmft or DMFT in the upper tertile, respectively) 23 was calculated for all age groups.
Data were coded in Excel (Microsoft Corporation, Redmond, WA, USA) and analyzed with STATA Version 10.1 (StataCorp LP, College Station, Texas, USA). Several distributional assumptions for each of the primary outcomes (DMFT, dmft, and SiC), such as Poisson, zero-inflated Poisson, negative binomial, AND zero-inflated negative binomial and normal, were checked with Akaike and Schwarz information criteria (AIC, BIC). A negative binomial assumption was found to be the most appropriate. As the data were clustered by school class, an appropriate approach was required. Both multiple negative binomial regression as well as ordinary multiple linear regressions with robust and school-classadjusted estimates for the standard errors and Pvalues were separately computed for each age class (7-, 12-, and 15-year-olds). As the conclusions provided by both models (negative binomial and ordinary) were comparable, only the estimates provided by the school-class-adjusted ordinary multiple linear regression are reported here. Observed differences were considered to be statistically significant at P < 0.05. For betweengroup comparisons (2001, 2006, and 2011) the Bonferroni-corrected significance level P < 0.016 was used.
Chi-squared (v 2 ) tests were used to evaluate the differences in caries prevalence during the years 2001-2011 for all age groups. Observed differences were considered to be statistically significant at P < 0.05.
Results
The present analysis is based on schoolchildren for whom both a dental examination was conducted and the date of birth and nationality were known. Data were available for 74-100% of the examined children (Table 1 ). In general, participation was highest for the 7-year-old children, whereas the 15-year-olds had the lowest participation rate. Objections by parents were rare. Absenteeism was more prominent in the higher grades and was mostly due to sickness on the day of examination or absence due to job training (for the 15-year-olds).
The caries experience of the 7-year-olds is shown in Table 2 . In 2011, the mean dmft for 7-years-olds was 1.91, and 51% of the children had caries-free primary dentition. The caries experience in the primary dentition remained unchanged during the entire study period, and the differences noted between 2001 and 2011 were not statistically significant (cluster-adjusted regression analysis, P > 0.05). Although the dmft value remained constant, a slight decrease of the d-component as well as a similar increase of the f-component was observed in 2011 compared to the previous examination.
With a value of approximately 50%, the percentage of schoolchildren with a caries-free primary dentition remained constant from 2001 to 2011 (v 2 test, P > 0.05).
After a decrease of 50% from 1992 to 2001, the mean DMFT values and respective D-component remained constant in the subsequent years. In 2011, the 7-year-old schoolchildren had a mean DMFT value of 0.15 and DT value of 0.07. Eightynine percent had caries-free permanent dentition in 2011.
In 2011, the mean DMFT for 12-year-olds was 0.85, and 63% of the children were caries free (Table 3) . From 1992 to 2006, the DMFT values decreased steadily, but they increased again in 2011. However, over the examination years from 2001 to 2011, the observed differences in the DMFT were not statistically significant (cluster-adjusted regression analysis, P > 0.05). From 2001 to 2011, the percentage of caries-free schoolchildren was between 63% and 70% (v 2 test, P > 0.05), and the mean number of untreated carious teeth (DT) was between 0.14 and 0.26. The mean DMFT for 15-years-olds was 1.72, and 43% of the children were caries free in 2011 (Table 3 ). The DMFT decreased steadily for the 15-year-olds from 1992 to 2006, but it increased again in 2011. As for the 12-year-olds, the observed differences were not statistically significant over the examination years from 2001 to 2011 (clusteradjusted regression analysis, P > 0.05). From 2001 to 2011, the percentage of caries-free schoolchildren was between 43% and 50% (v 2 test, P > 0.05) and the DT was between 0.27 and 0.31. Schoolchildren with a migrant background had approximately two-to three-fold higher rates of caries experience than Swiss schoolchildren (Table 4 ). These differences were statistically significant for all age groups during the study period from 2001 to 2011 (cluster-adjusted regression analysis, P < 0.001). However, for schoolchildren with a migrant background, the dmft/DMFT values In 1997, the first-grade schoolchildren could not be examined for scheduling reasons. 
Discussion
Our study provides an overview of the changes in caries experience among schoolchildren of the canton of Basel-Landschaft, Switzerland, over the course of 20 years. In the years from 1992 to 2001, a steady decline was observed in all age groups whereas in the subsequent 10 years, this decline has leveled off. The mean dmft/DMFT values are comparable to those in other parts of Switzerland. Migrants appear to be a caries-risk group as their Table 4 . Caries experience in the primary and permanent dentition by nationality. Shown are the respective examination year, nationality (Swiss or of foreign), mean age (in years), number of schoolchildren (N), mean DMFT/dmft values, and mean dt/DT With the exception of the year 2011, it was not possible to obtain the nationality for all schoolchildren. Therefore, the numbers of Swiss and foreign children do not add up to the number of schoolchildren in Table 1 . mean dmft/DMFT values were higher in schoolchildren with a migrant background than in the comparable Swiss children. A similar procedure was followed in all five studies to obtain comparable results. However, variations in the methodology could not be avoided because all clinical examinations were performed according to the respective published and recommended methodology of the WHO 19, 20 .
Therefore, a sickle probe was used in 1992 and 1997, whereas a CPI probe was used in the following years 19, 20 . The use of a periodontal probe may lead to slightly lower d/D values. Additionally, a simple random sample of schoolchildren could be selected in the years 1992 and 1997. Due to newly introduced data protection rights, this procedure was no longer possible in the subsequent years; therefore, a random sampling of the respective school classes was performed, and all schoolchildren in the selected classes were examined. Given the large sample sizes of the study groups, the impact of this change is likely to be small. Variations due to examiner bias are conceivable. However, the Basel examiners were not only calibrated against each other, they were also calibrated against their Zurich colleagues, who performed analogous epidemiological studies on a routine basis 9 , resulting in good reliability estimates.
Since the 1960s, epidemiological studies to assess caries in schoolchildren have been conducted in different parts of Switzerland. For all age groups, a marked decline in the mean dmft/DMFT values could be observed over time 12, 24 . For 7-year-olds, however, this decline has leveled off since the 1980s; since then, the mean dmft value has fluctuated around two, which is also the case for the schoolchildren from the canton of Basel-Landschaft examined in this study (Fig. 1) . During the entire examination period, approximately half of the 7-year-olds had caries-free primary dentition, whereas approximately 10% of the schoolchildren in this age group had caries lesions in their permanent dentition. This age group is important for prophylactic measures because there is an association between the caries status in the primary dentition and in the corresponding young permanent dentition as well as between the caries experience in young permanent teeth with new caries increments in later life [25] [26] [27] .
For 12-year-olds (Fig. 2) , a reduction in the mean DMFT of almost 50% was noted over the examination period, with the mean DMFT values of the canton of Basel-Landschaft similar to those found in other parts of Switzerland. Over the entire examination period of 20 years, the mean DMFT for 12-year-olds of either Swiss or foreign nationality was never above three, which is the target value declared by the WHO for this age group 28 .
The causes for the decline in caries in Switzerland may be attributed to a number of factors 9, 12, 29 .
In 1955, Switzerland was the first country in the world to fluoridate salt, and by 2004, over 80% of the population consumed fluoridated salt 30 . Additionally, fluoride-containing toothpastes were introduced in Switzerland in the 1960s, and today, these toothpastes account for more than 90% of the market 29 . Specially trained oral health instructors regularly instruct schoolchildren on oral hygiene and the relation between dietary habits and oral health. Swiss schoolchildren have very good oral hygiene habits according to an international comparison 29 . These good habits were also reported in our accompanying questionnaire regarding the oral hygiene habits and attitudes toward dental prophylaxis (data not shown). Changes in fluoride exposure or in the consumption of sugary drinks over the study period of 20 years are conceivable. Such changes might explain in part the observed levelling off of the caries experience. However, such changes in habits are difficult to assess using a questionnaire which relies on self-assessment only.
In spite of the decline in caries observed in all age groups, the mean DMFT values were higher in schoolchildren of foreign nationality than in the respective Swiss children. An association between the caries experience and migrant background has already been reported in previous studies in Switzerland 7, 8, 12, [16] [17] [18] .
These findings are in agreement with other studies that describe oral health inequalities arising from different socioeconomic and social-cultural backgrounds, including migrant status 13, [31] [32] [33] [34] [35] . In Denmark, where all children and adolescents can attend a free public dental service, there were major differences in dental health in all age groups when families with Danish and non-Danish backgrounds were compared. Notably, the mean caries experience among 5-and 7-year-old children with non-Danish mothers was three to four times higher than among children of Danish mothers, and a doubled rate was seen among adolescents 31 . Therefore, prevention programs should focus on the risk groups. To evaluate the effectiveness of such preventive care measures, different tools and methods to monitor changes in the caries risk over time have been described, including geomapping 36 .
In spite of the unchanged prevention measures of the cantonal and community school authorities, the steady decline in caries observed in all age groups of schoolchildren examined in the canton of Basel-Landschaft has leveled off in the years from 2001 to 2011. Further examinations over the next years will show whether this is only a transient situation or whether additional efforts are required for further reductions. Health education efforts that focus primarily on migrants might be effective, as this group belongs to a caries-risk group. 
